Congenital cystic disease of the liver and kidney in a pygmy goat Shelley J. Newman, Teri Leichner, Mark Crisman, Jose Ramos Abstract. A 1-month-old pygmy goat was presented with abdominal distension and hematuria. Anemia, leukocytosis, and increased bilirubin and blood urea nitrogen levels suggested renal and hepatic disease. Radiographs revealed bilateral renomegaly, and ultrasound confirmed bilateral hydronephrosis. Necropsy findings determined that the renomegaly was due in part to edema and marked cystic tubular distension. Similarly, intrahepatic bile ducts were ectatic. The character and distribution of the gross and histologic lesions were consistent with a polycystic disorder, presumably congenital, affecting the liver and the kidney.
Congenital polycystic disorder is uncommonly reported in farm animals and is noted most often in Persian cats and humans. Typically, in these species, cystic lesions are found in the kidneys and the liver and rarely in the pancreas. The literature contains reports of polycystic disorders in African gazelles, cats, dogs, mice, pigs, and, most recently, a 3.5-week-old Nubian goat. 4, 6, 8, [10] [11] [12] [13] [14] The present case has a clinical and pathologic presentation similar to 1 case described previously in a Nubian goat kid, but, in contrast, there were both gross and histologic lesions in the kidney and liver and the pancreas was unaffected.
A 1-month-old intact male pygmy goat kid was presented to the Virginia-Maryland Regional College of Veterinary Medicine Teaching Hospital with a history of progressive abdominal distension since birth. One week previously, a segment of carpet from the basement pen was eaten by the goat kid. The referring veterinarian palpated a cranial abdominal mass, which was tentatively diagnosed as an intes- tinal obstruction, and the animal was referred for a consultation. Hematuria had been noted for the past week, and scant, soft stools were present for the past 3 days. On physical examination, the animal was bright, alert, and responsive. Temperature (104 F), pulse (156 beats per minute), and respiration (54 breaths per minute) were elevated. The abdomen was tight, round, and painful on palpation. A cough and mildly increased inspiratory sounds were noted on chest auscultation.
Initial clinical workup included a complete blood cell count (CBC), clinical biochemistry, urinalysis, abdominal and thoracic radiographs, and abdominal ultrasound. Abnormalities on the CBC included anemia (hemoglobin 6.5 [8- (3ϩ blood and 1ϩ protein reading), and negative results for glucose, bilirubin, urobilinogen, and ketones. A urinary sediment exam revealed 9-11 leukocytes/high power field (hpf), 4 erythrocytes/hpf, and 0-2 epithelial cells/hpf. Aerobic bacterial culture of urine obtained at necropsy failed to isolate bacterial organisms. The urinary gamma glutamyltranspeptidase (GGT) : creatinine ratio expressed as a percentage was 63.49.
Abdominal radiographs revealed bilateral renomegaly ( Fig. 1 ). Abdominal ultrasonography confirmed bilateral enlargement of the kidneys and demonstrated bilateral hydronephrosis (Fig. 2) .
Clinical rule outs for renomegaly included obstructive urinary disease with secondary hydronephrosis, acute renal failure, and congenital renal disease. On the basis of the poor prognosis for recovery, the animal was donated to the veterinary teaching hospital and euthanasia was performed.
Primary necropsy findings were localized to the abdominal cavity. Both kidneys were enlarged; the right kidney was 10 ϫ 6 ϫ 4 cm and the left kidney was 10 ϫ 5 ϫ 4 cm (Fig. 3) . The kidneys were diffusely pale tan on capsular surface. On section, there was bilateral hydronephrosis, and the parenchyma bulged and exuded transparent fluid (Fig.  3 ). There was linear accentuation of cortical tubules due to cystic distension. The ureters were grossly normal, and there was only a small quantity of clear yellow urine in the bladder.
The liver was diffusely yellow and pale. Focally, along the parietal capsular surface, there were coalescing 0.5-1-cm raised tan plaques. On section, the intrahepatic bile ducts were ectatic and contained bile (Fig. 4) . These ductular profiles were accentuated by rims of white firm tissue that extended several millimeters into the surrounding hepatic parenchyma (Fig. 4) . Multiple individual anteroventral lung lobules were consolidated and red.
Pure heavy cultures of Enterococcus sp. and Pseudomonas aeruginosa were isolated from the liver and kidney. There was no bacterial growth from the lung tissues submitted.
Tissues were fixed in 10% buffered formalin, processed by routine histologic techniques, sectioned, and stained with hematoxylin and eosin (HE). Samples of adrenal gland, kidney, liver, spleen, lung, heart, skeletal muscle, abomasum, pancreas, thymus, tongue, diaphragm, esophagus, colon, and thyroid were examined.
The most significant lesions were found in the liver and kidney. Corticomedullary tubules were dilated and lined by flattened columnar epithelium (Fig. 5) . Within the medulla, scattered collecting ducts were ectatic and contained eosinophilic material. The renal cortical and medullary interstitium was focally edematous and contained reactive fibroblasts and edematous fibrous connective tissue. Glomeruli and proximal tubules were histologically normal.
Hepatic changes were characterized by the presence of ectatic intrahepatic bile ducts lined by tall columnar epithelium and fewer goblet cells. Lumenal content included neutrophils, bile, mucus, and degenerate cellular debris. The cross-sectional appearance of these ducts showed lumenal papillary projections and increased surrounding fibrous connective tissue, reactive fibroblasts, and minimal infiltrates of lymphocytes (Fig. 6) . Portal triads were closely approximated because of parenchymal atrophy. Additionally, there were focal areas of hepatic necrosis associated with lymphocytes, plasma cells, macrophages, and neutrophils. The grossly identified capsular surface plaques were composed of maturing fibrous connective tissue. The pulmonary changes were foci of atelectasis.
A presumptive diagnosis of congenital polycystic disorder was given in this case. Liver (intrahepatic bile ducts) and kidneys (renal cortical tubules and renal collecting tubules) were affected by cystic change. This is in contrast to the previous caprine report where there was grossly detectable involvement of the pancreas and liver and histologic involvement of the pancreas (pancreatic ducts), liver (intrahepatic and extrahepatic bile ducts), and kidney (renal cortical tubules and renal collecting ducts). 8 Although cystic disorders of the liver and kidney are the most common manifestations of the syndrome in most species, pancreatic ductular changes have been reported in humans and pigs with polycystic disease. 12 This cystic disorder in juvenile animals of any species most closely resembles the autosomal recessive polycystic disease complex seen in young children. This is characterized by renal tubular and hepatic biliary involvement along with secondary portal fibrosis. Typically, the autosomal recessive form is seen earlier in life and is a more severe condition than that of later onset autosomal dominant forms. 14 The mode of inheritance has not been documented for many animal species although it is autosomal recessive in one Balb/c mouse mutant and was recently reported to be autosomal recessive in two litters of West Highland white terriers. 10, 11, 14 Cystic disease was suspected in four juvenile Nubian goats over a 5-year period in the herd with the documented case, but necropsy examinations were not performed to confirm this suspicion. 8 The goat described in this case report was from a primiparous doe and was born with a twin that died from unknown causes at birth.
The cause of cystic disorders has not been determined. A common pathogenesis for all the ductular lesions is suspected. 8 Proposed theories include a primary defect in epithelial cell growth and differentiation, an abnormal expression of proto-oncogenes, and/or overexpression of epidermal growth factor receptor, an extracellular matrix alteration, and an alteration in the polarity of tubular lining cells because of incomplete tubular cell differentiation. 2, 3, 5, 8 Evidence for the latter is the presence of the Na/K pump on the apical/ lateral rather than the basal/lateral cell membrane of affected animals. 2, 5 Additionally, fluid accumulation due to excessive secretions and increased cyclic adenosine monophosphate concentrations occur in tubular cells and result in distention of the tubular portion, which may become separated from the rest of the nephron to form cysts. 2 In the case of autosomal recessive forms, the segment of nephron affected is the collecting tubule, but in the autosomal dominant form, the cysts are randomly distributed. 2 The pathogenesis of the hepatic lesions is less clear, but defective remodeling of the embryological ductal plate is suggested. 14 The liver lesions progress in severity with age. 14 Portal hypertension, hepatosplenomegaly, bleeding esophageal varices, and ascending cholangitis are documented problems in affected humans. 14 A new mutant mouse model may allow study of the development of the hepatic lesions. 14 Another possible pathogenesis for cystic lesions in kidneys could be acquired tubular cystic change and fibrosis. This may occur after interstitial nephritis associated with neonatal septicemia. Sepsis is commonly seen in neonates of any species. In this case, bacterial culture of liver and kidney revealed pure isolates of Enterococcus species and P. aeruginosa, the latter of which could be associated with neonatal sepsis. Tissue Gram's stains failed to identify organisms within the kidney lesions, and thus it is possible these isolates represent necropsy contamination. Additionally, only the liver sections revealed active ongoing inflammation, but the organisms were isolated from both liver and kidney, so their significance is questionable.
Cases of chronic bacterial interestitial nephritis typically show interstitial fibrosis, which could result in secondary tubular obstruction and tubular distension, but also show evidence of mononuclear cell infiltration and generalized tubular atrophy, the latter of which were not present in this case. 9 Neonatal sepsis is common, but it would be unusual to see total resolution of the inflammation and this degree of fibroplasia and tubular distension in a time period of less than 6 weeks. Additionally, the pattern of tubular involvement suggests all levels of the nephron were affected, and this would be unusual for septic lesions. 9 This pattern is seen with ascending disease, but in this case, urine culture was negative despite lack of therapy. 9 The presence of mild ongoing inflammation in the liver gives some credence to a primary bacterial etiology for the lesion, but in order to have such severe tubular distension and fibrosis in such a short time period, there would need to be primary biliary involvement resulting from ascension from the gastrointestinal tract. 7 Again, it would be unusual for the liver and kidney to be so severely involved and by two separate disease mechanisms. Primary congenital cystic disease correlates with the age of the animal, the multiorgan lesion distribution, and the lack of severe ongoing inflammation. Additionally, the reparative stage of biliary hyperplasia was not noted here as might be expected with postinflammatory disease. 7 Even in biliary obstruction secondary to gallstones, the biliary dilatation is accompanied by ductular and cholangiolar proliferation and there is inflammation within the walls of the ducts and the portal triads. 7 Absolute confirmation that this was a congenital lesion is difficult because of the absence of genetic analysis.
Used routinely in large animal clinical urology, urinary GGT : creatinine ratios are a sensitive and specific indicator of acute renal insult. 1 This ratio is calculated to compensate for the variation of absolute urinary GGT due to changes in urine flow rate at the time of sampling, and the ratio remains relatively constant over time. Normal reference ranges for this ratio have not been determined for goats so interpretation of this result is difficult. In this goat, serum GGT may have been elevated because of the associated hepatic lesions.
This report documents the second occurrence of presumed congenital cystic disease in a goat and the first in a pygmy breed. Lesions involved renal and hepatic tissues but spared pancreatic ducts. The specific cause and mode of inheritance were not known. Elevated liver and kidney enzymes and isosthenuria were noted in this case. Radiography and ultrasonography were useful adjuncts to determining antemortem differential diagnoses in this case. Abstract. Sporadic sudden deaths in adult white-tailed deer occurred from November 1997 through August 1998 on an Iowa game farm. Three of the 4 deer necropsied had severe pulmonary edema, widespread mild lymphocytic vasculitis, and amphophilic intranuclear inclusion bodies in scattered endothelial cells in blood vessels in the lung and abdominal viscera. Immunohistochemistry with bovine adenovirus 5 antisera and transmission electron microscopy demonstrated adenoviral antigen and nucleocapsids, respectively, within endothelial cells. Adenovirus was isolated in cell culture from 1 of the affected deer. The isolate was neutralized by California black-tailed deer adenovirus antiserum. These findings indicate that adenovirus should be considered in the differential diagnosis of both black-tailed and white-tailed deer with pulmonary edema and/or hemorrhagic enteropathy.
In August 1997, an Iowa game farmer purchased 3 adult male white-tailed deer (Odocoileus virginianus) from a Minnesota game farm and placed them in a 15-acre enclosure with 20 does. Deer received a commercial supplement in addition to forage. Elk were kept in an adjacent pasture. One of the newly purchased bucks was found dead in November and 1 in December; neither exhibited clinical signs prior to death, and neither was necropsied because of advanced autolysis. In late January 1998, the third buck was found dead after appearing depressed for several days and was necropsied by a local veterinarian. Urine, kidney, liver, and lung were submitted to the Iowa State University Veterinary Diagnostic Laboratory (ISU-VDL). Microscopic examination revealed severe pulmonary congestion and moderate multifocal coagulative necrosis of individual hepatocytes. The cause of death was not determined.
In early April 1998, a pregnant doe died without any history of illness, and the entire carcass was submitted to the ISU-VDL (case 1). Body condition was excellent and the uterus contained 2 4-5-kg fetuses. Gross lesions consisted of moderate hydrothorax and severe diffuse bilateral pulmonary edema (Fig. 1) ; interlobular septa were markedly widened, and trachea and bronchi contained abundant froth. Bacterial culture of lung, liver, spleen, placentome, pleural fluid, and brain swab did not yield significant growth. MiFrom the Veterinary Diagnostic Laboratory, Department of Veterinary Diagnostic and Production Animal Medicine, College of Veterinary Medicine, Iowa State University, Ames, IA 50011-1250 (Sorden), the California Veterinary Diagnostic Laboratory System, University of California, Davis, CA 95616 (Woods), and the National Animal Disease Center, USDA-ARS, Ames, IA 50011 (Lehmkuhl).
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croscopic examination of lung revealed abundant pale eosinophilic proteinaceous fluid in alveoli and interlobular septa (Fig. 2) . Low numbers of mononuclear inflammatory cells formed perivascular and peribronchiolar cuffs in a few areas, the media of a few pulmonary arteries contained small amounts of karyorrhectic debris, and occasional blood vessels exhibited endothelial hypertrophy. Mononuclear inflammatory cells also surrounded or infiltrated the walls of blood vessels in brain, leptomeninges, colonic serosa, abomasal submucosa, and the hilus of a lymph node. Rare endothelial cells in the lung, abomasal submucosa, and lymph node contained amphophilic intranuclear inclusions (Fig. 2, insert) . Immunohistochemistry with polyclonal antisera against bovine adenovirus type 5 a (BAV-5) performed as previously described 4 revealed adenoviral antigen within scattered endothelial cells in lung, abomasal submucosa, and lymph node; affected vessels ranged from capillaries to mediumsized veins and muscular arteries (Fig. 3) .
Tissue fragments (2 ϫ 2 mm) were excised from paraffin blocks of lung, deparaffinized, and processed for transmission electron microscopy as described. 5 Scattered, often karyorrhectic, endothelial cell nuclei contained loosely arranged, icosahedral, 68-69-nm-diameter structures with electron-dense cores, consistent with adenoviral nucleocapsids (Fig. 4) .
In both June and August 1998, single adult deer died without exhibiting premonitory signs (cases 2 and 3, respectively). In both cases, the local veterinarian reported pulmonary edema at necropsy and forwarded selected tissues to the ISU-VDL. Microscopic lung lesions were similar to those present in case 1; in addition, many pulmonary arteries had hypertrophied endothelial cells. Scattered endothelial cells contained intranuclear amphophilic inclusions, as did a few
